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SYSTEM FOR MIXED ANALOG-DIGITAL 
AUTOMATIC GAIN CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS/INCORPORATION BY 

REFERENCE 

This application is a divisional of Us. application Ser. 
No. 10/869,367 ?led Jun. 16, 2004 noW U.S. Pat. No. 
7,218,258, Which makes reference to, claims priority to, and 
claims the bene?t of Us. Provisional Patent Application 
Ser. No. 60/542,587, ?led Feb. 5, 2004. 
The above stated applications are hereby incorporated 

herein by reference in their entirety. 

FIELD OF THE INVENTION 

Certain embodiments of the invention relate to the pro 
cessing of signals. More speci?cally, certain embodiments 
of the invention relate to a system for a mixed analog-digital 
automatic gain control (AGC). 

BACKGROUND OF THE INVENTION 

In some conventional signal processing systems it is 
necessary to convert a Wide range of incoming analog signal 
amplitudes into a user-de?ned signal value. In systems 
requiring analog signal receivers such as video systems, data 
storage systems, medical devices, remote sensors, and many 
legacy communication systems, the conversion of incoming 
signals to a user-de?ned signal value simpli?es the overall 
system design because it makes it possible to eliminate the 
need to compensate for the effects of channel gain varia 
tions. The ability to provide signal processing circuits With 
incoming signals of ?xed average poWer alloWs system 
designers to reduce circuit and algorithmic complexity. An 
automatic gain control (AGC) circuit is a front-end system 
component that is used to provide the necessary ampli?ca 
tion to the incoming signal to achieve the user-de?ned signal 
value. The ampli?cation provided by the AGC circuit is 
called the system gain and could either increase or decrease 
the signal level according to What is needed to achieve the 
user-de?ned signal value. For systems Where signal process 
ing is digitally performed, the analog-to-digital converter 
(ADC) is located in the AGC circuit. 

FIG. 1 is a schematic block diagram of a conventional 
AGC circuit. Referring to FIG. 1, the AGC circuit 100 
comprises an analog front-end (AFE) 102, an error mea 
surement circuit 104, an AGC reference level circuit 106, 
and a loop ?lter circuit 108. The AFE 102 comprises an 
analog ampli?er 110 and an ADC 112. The error measure 
ment circuit 104 comprises an AGC measurement circuit 
114 and a digital adder circuit 116. 
The AFE 102 is the analog portion of AGC circuit 100. 

The analog ampli?er 110 is a variable gain ampli?er With 
discrete gain levels. The ADC 112 is a ?xed-bit analog-to 
digital converter. The error measurement circuit 104 com 
pares a speci?ed incoming signal amplitude parameter to a 
user-de?ned AGC reference level and generates an error 
signal. The AGC reference level circuit 106 provides the 
AGC reference level used in error measurement circuit 104. 
The AGC measurement circuit 114 measures the speci?ed 
incoming signal amplitude parameter. The digital adder 116 
compares the measured parameter and the AGC reference 
level. The loop ?lter circuit 108 generates a system time 
constant, the system gain, and a system gain signal to select 
gain level in analog ampli?er 100. 
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2 
In operation, the incoming analog signal is ampli?ed by 

analog ampli?er 110 in AFE 102. The ampli?ed analog 
signal is then digitiZed by ADC 112 in AFE 102. A speci?ed 
signal amplitude parameter is measured by AGC measure 
ment circuit 114 in error measurement circuit 104. The 
measured parameter is compared to the AGC reference level 
provided by AGC reference level circuit 106. This compari 
son takes place at digital adder circuit 116. The output of 
digital adder circuit 116 is an error signal representative of 
the comparison. The error signal is used by loop ?lter circuit 
108 to generate the time response of AGC circuit 100 and to 
generate a neW system gain. The system gain signal is 
generated form the system gain and is used to select the 
appropriate gain level in analog ampli?er 110. If the mea 
sured parameter and the AGC reference level Were the same, 
or Were Within a speci?ed error range, the error signal Will 
not produce a change in system gain and the gain level in 
analog ampli?er 110 Will not change. If the measured 
parameter and the AGC reference level Were not the same, 
or Were outside a speci?ed error range, the loop ?lter circuit 
108 generates a neW system gain and system gain signal and 
the gain level in analog ampli?er 110 is updated to re?ect 
this neW system gain. 
The system gain in AGC circuit 100 is implemented 

entirely by the gain level selected in analog ampli?er 110. 
Analog ampli?er 100 must have very high gain resolution 
for AGC circuit 100 to achieve the desired user-de?ned 
signal value for a Wide range of incoming analog signals. 
High resolution requires a large number of analog gain 
levels from Which the appropriate analog gain may be 
selected by loop ?lter circuit 108. HoWever, one of the 
dif?culties is that the chip area required by analog ampli?er 
110 increases With the number of gain levels that it is 
designed to provide. The design of analog ampli?ers in 
integrated circuits (IC) generally requires large areas on chip 
because of the large currents needed to drive high-capaci 
tance loads at fast sleW rates While providing high gains. The 
larger the number of gain levels, the larger the number of 
current driving elements that are needed to provide the 
desired resolution. Moreover, the complexity and siZe of the 
design is dependent on system requirements such as tem 
perature stability, linearity, accuracy, loW noise, Wide band 
Width, and limiting the effects of voltage supply variations. 
The cost bene?t associated With designing ever more com 
plex digital signal processing circuits into smaller chip areas 
may be negated by the large area requirements of high gain 
resolution analog ampli?ers. The large area needed by 
analog ampli?er 110 in AGC circuit 100 thus limits the 
amount of chip area that may be used for digital signal 
processing circuits and for other chip components, for 
example, embedded memory, core processor units, and 
communication interfaces. 

Further limitations and disadvantages of conventional and 
traditional approaches Will become apparent to one of skill 
in the art, through comparison of such systems With some 
aspects of the present invention as set forth in the remainder 
of the present application With reference to the draWings. 

BRIEF SUMMARY OF THE INVENTION 

A system for a mixed analog-digital automatic gain con 
trol (AGC), substantially as shoWn in and/or described in 
connection With at least one of the ?gures, as set forth more 
completely in the claims. 

These and other advantages, aspects and novel features of 
the present invention, as Well as details of an illustrated 
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embodiment thereof, Will be more fully understood from the 
following description and drawings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

FIG. 1 is a schematic block diagram of a conventional 
AGC circuit. 

FIG. 2A is a schematic block diagram of a mixed analog 
digital AGC circuit, in accordance With an embodiment of 
the present invention. 

FIG. 2B is a schematic block diagram of a mixed analog 
digital AGC circuit, in accordance With an embodiment of 
the present invention. 

FIGS. 3A-3B illustrate exemplary steps that may be 
utiliZed by a digital multiplier, in accordance With an 
embodiment of the invention. 

FIG. 4A-4D illustrate exemplary steps that may be uti 
liZed by a clamping circuit, in accordance With an embodi 
ment of this invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Certain embodiments of the invention may be found in a 
method and system for a mixed analog-digital automatic 
gain control (AGC). Aspects of the method for signal gain 
control may comprise reducing the analog gain of an analog 
ampli?er in an AGC circuit. Incoming analog signals are 
received by an analog front-end of the AGC circuit. The 
analog-front end may comprise the analog ampli?er and an 
analog-to-digital converter (ADC). The chip area required 
by the analog ampli?er may be reduced to reduce chip cost 
or to provide additional chip area for digital signal process 
ing circuits and for other chip components, for example, 
embedded memory, core processor units, and communica 
tion interfaces. Reducing the area may result in feWer gain 
levels at the analog ampli?er that may be applied to incom 
ing analog signals. A digital gain may be applied after the 
ADC to compensate for at least a portion of the reduction in 
the analog gain. Because of the smaller area required by 
digital circuits, the digital gain may be achieved Without 
adding signi?cant chip area or cost. 

FIG. 2A is a schematic block diagram of a mixed analog 
digital AGC circuit, in accordance With an embodiment of 
the present invention. The AGC circuit 200 may comprise an 
Analog Front End (AFE) 202, a clamping circuit 204, a 
clamp reference level circuit 206, an error measurement 
circuit 208, an AGC reference level circuit 210, a loop ?lter 
circuit 212, and an analog/digital gain separation circuit 214. 
The AFE 202 may comprise an analog ampli?er 216 and an 
ADC 218. The clamping circuit 204 may comprise a ?rst 
digital adder 220, a digital multiplier 222, and a second 
digital adder 224. The error measurement circuit 208 may 
comprise an AGC measurement circuit 226 and a third 
digital adder 228. 

The AFE 202 is the analog portion of AGC circuit 200. 
The analog ampli?er 216 may be variable gain ampli?er 
With programmable gain levels. The ADC 218 may be a 
?xed-bit or a programmable-bit analog-to-digital converter. 
The clamping circuit 204 may be a hardWare resource Where 
signal clamping takes place. The digital gain signal may be 
converted to a corresponding digital gain in clamping circuit 
204. The ?rst adder 220 may be a hardWare resource Where 
the clamp reference level is removed from the digitiZed 
signal output from ADC 218. The digital multiplier 222 may 
be a hardWare resource Where the output from the ?rst digital 
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4 
adder 220 is ampli?ed by the digital gain. The second digital 
adder 224 may be a hardWare resource Where the clamp 
reference level is restored to the output of digital multiplier 
222. The clamp reference level circuit 206 may be a hard 
Ware resource that provides the clamp reference level. 
The error measurement circuit 208 may be a hardWare 

resource that compares a speci?ed incoming signal ampli 
tude parameter to a user-de?ned AGC reference level and 
generates an error signal. The AGC reference level circuit 
210 may be a hardWare resource that provides the AGC 
reference level utiliZed in error measurement circuit 208. 
The AGC measurement circuit 226 may be a hardWare 
resource that measures the speci?ed incoming signal ampli 
tude parameter. The third digital adder 228 may be a 
hardWare resource that compares the measured parameter 
and the AGC reference level. The loop ?lter circuit 212 may 
be a hardWare resource that generates a system time constant 
and an average error signal from the error signal generated 
by error measurement circuit 208. 
The analog/digital gain separation circuit 214 may be a 

hardWare resource that generates a system gain from the 
average error gain. The analog/ digital gain separation circuit 
214 may generate an analog gain and an analog gain signal 
from the system gain. The generation of the analog gain and 
the analog gain signal may be achieved through the use of 
a look-up table. The analog signal gain is a signal that 
corresponds to the analog gain. The analog/digital gain 
separation circuit 214 may generate a digital gain and a 
digital gain signal from the system gain and from the analog 
gain. The digital signal gain is a signal that corresponds to 
the digital gain. At least one processor may be utiliZed to 
Write or read data from registers, memory elements, or 
look-up tables in analog/ digital gain separation circuit 214 to 
modify or update the generation of system gain, analog gain, 
analog gain signal, digital gain, and digital gain signal. 

In operation, the incoming analog signals are received at 
the signal input of analog ampli?er 216. The gain level of 
analog ampli?er 216 may be selected at the gain input by the 
analog gain signal generated by analog/digital gain separa 
tion circuit 214. The signal output of analog ampli?er 216 is 
coupled to the signal input of ADC 218. The incoming signal 
is converted to a digital value at ADC 218. The signal output 
from ADC 218 may be coupled to the signal input of 
clamping circuit 204. The signal input of clamping circuit 
204 may be coupled to the ?rst input of ?rst digital adder 
220. The signal output of clamping reference level circuit 
206 may be coupled to the reference input of clamping 
circuit 204. The reference input of clamping circuit 204 may 
be coupled to the second input of ?rst digital adder 220. First 
digital adder 220 may remove the clamp reference level 
from the digital signal. The clamp reference level may 
compose at least one of a plurality of corresponding signal 
amplitude parameters that AGC circuit 200 may remove 
based on the signal processing application and the type of 
signal that is received. For example, in video signal pro 
cessing cases, the clamp reference level may represent the 
blank level of the video signal. In other applications, the 
clamping reference level may represent a DC level required 
for operation. Clamping reference level circuit 206 may 
provide a speci?ed blank level Which is to be removed from 
the digital signal. 
The output of ?rst digital adder 220 may be coupled to the 

input of digital multiplier 222. The digital gain signal from 
the digital gain output of analog/digital gain separation 
circuit 214 may be coupled to the gain input of clamping 
circuit 204. The gain input of clamping circuit 204 may be 
coupled to the gain input of digital multiplier 222. Clamping 
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circuit 204 may convert the digital gain signal into a 
corresponding digital gain value before applying to digital 
multiplier 222 though the use of memory elements or 
look-up tables. Digital gain multiplier 222 may amplify the 
signal coming from an output of the ?rst digital adder 220 
by the digital gain. The output of gain multiplier 222 may be 
coupled to the ?rst input of the second digital adder 224. The 
second input of second digital adder 224 may be coupled to 
the reference input of clamping circuit 204. Second digital 
adder 224 may be utiliZed to restore the clamp reference 
level to the digital signal coming from the output of digital 
multiplier 222. 

The output of second digital adder 224 may be coupled to 
the signal input of error measurement circuit 208. The signal 
input of error measurement circuit 208 may be coupled to 
the signal input of AGC measurement circuit 226. AGC 
measurement circuit 226 may be con?gured to measure the 
speci?ed signal amplitude parameter. For example, in video 
signal processing cases, AGC measurement circuit 226 may 
measure the sync amplitude, the sync tip level, and/or the 
blank level of the video signal. AGC measurement circuit 
226 may utiliZe these measurements to update the AGC 
reference level in AGC reference level circuit 210 or the 
clamp reference level in clamp reference level 206. The 
signal output of AGC measurement circuit 226 is coupled to 
the ?rst input of the third digital adder 228. 
When the measurement is performed by AGC measure 

ment circuit 226, the measured parameter is passed to third 
digital adder 228 for comparison With the AGC reference 
level. The signal output of AGC reference level circuit 210 
is coupled to the reference input of error measurement 
circuit 208. The AGC reference level from AGC reference 
level circuit 210 may be at least one of a plurality of 
reference levels that may be used by error measurement 
circuit 208. For example, in video signal processing cases, 
the AGC reference level may represent the sync amplitude, 
the sync tip level, or the blank level of the video signal. The 
reference input of error measurement circuit 208 is coupled 
to the second input of third digital adder 228. Whether the 
?rst input or the second input of third digital adder 228 is 
negative may be dependent on system design and/or the 
operation of the error measurement circuit 208. The output 
of third digital adder 228 may be a comparison of the 
measured parameter and the AGC reference level. The 
output of third digital adder 228 may be coupled to the signal 
output of error measurement circuit 208. Error measurement 
circuit 208 may convert the signal output of third digital 
adder 228 into a corresponding error signal. 

The signal output of error measurement circuit 208 may 
be coupled to the signal input of loop ?lter circuit 212. The 
error signal from error measurement circuit 208 may be 
averaged or processed by loop ?lter circuit 212 for a 
speci?ed period of time to generate an average error signal 
and to generate a time response for AGC circuit 200. The 
operation of loop ?lter circuit 212 may be updated or 
modi?ed by reading or Writing data into one or more 
registers, memory elements and/or look-up tables. The sig 
nal output of loop ?lter circuit 212 may be coupled to the 
signal input of analog/digital gain separation circuit 214. 
The average error message generated by loop ?lter circuit 
212 may be utiliZed by analog/digital gain separation circuit 
214 to generate the system gain. Generating the system gain 
may be accomplished through the use of a look-up table. The 
contents of one or more memory elements, registers, and/or 
look-up tables may be updated to modify the system gain 
generation operation. 
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6 
When the system gain has been generated, the analog/ 

digital gain separation circuit 214 may generate the analog 
gain and the analog gain signal from that system gain. The 
analog gain and the analog gain signal may have the same 
value or they may have corresponding values. Generating 
the analog gain may be accomplished through the use of a 
look-up table. The contents of memory elements, registers, 
and/or look-up tables may be updated to modify the analog 
gain generation operation. The analog gain generation may 
be based on the operation and design of analog ampli?er 
202. An optimal or best choice analog gain is generated 
based on the system gain. The analog gain output of analog/ 
digital gain separation circuit 214 is coupled to the gain 
input of analog ampli?er 216. The analog gain signal may be 
utiliZed to select the gain level in analog ampli?er 214 that 
corresponds to the analog gain generated in analog/digital 
gain separation circuit 214. Because most of the system gain 
is carried out by the analog gain in analog ampli?er 214, the 
digital gain provided by digital multiplier 222 may be used 
for higher precision or trimming. 
When the analog gain has been generated, the analog/ 

digital gain separation circuit 214 may generate the digital 
gain and the analog gain signal from the system gain and the 
analog gain. The digital gain and the digital gain signal may 
have the same value or they may have corresponding values. 
Generating the digital gain may be accomplished through 
the use of a look-up table. The contents of memory elements, 
registers, and/or look-up tables may be updated to modify 
the digital gain generation operation. The digital gain signal 
may be utiliZed to select the gain level in digital multiplier 
22 that corresponds to the digital gain generated in analog/ 
digital gain separation circuit 214. 

For purposes of illustration, assume the system gain 
generated by analog/ digital gain separation circuit 214 under 
certain conditions may be 5.2. Analog ampli?er 214 is able 
to provide gain levels of0, 1, 2, 3, . . . 5, 6, 7, . . . 10 because 
that is the highest gain resolution it has been designed to 
provide. The digital multiplier is able to provide gain levels 
of 1, 1.1, 1.2, 1.3, . . . , 1.5. The highest overall system gain 
in this illustrative example is 15 While the minimum system 
gain is 1. The analog/digital gain separation circuit 214 may 
generate an analog gain of 4 and a digital gain of 1 to start. 
The system gain in this case is 4. The analog/digital gain 
separation circuit 214 may keep the same analog gain and 
increase the digital gain to 1.1. In this case the system gain 
provided by AGC circuit 200 is 4.4. 

The analog/digital gain separation circuit 214 continues 
this process until the digital gain has reached 1.3, in Which 
case the system gain is the desired 5.2. If the desired 
user-de?ned signal value changes so that a neW system gain 
of 6.6 is needed, the analog/digital gain separation circuit 
214 may continue to increase the digital gain until it reaches 
1.5, Which results in a system gain of 6. This system gain is 
loWer than the 6.6 needed, so the analog/digital gain sepa 
ration circuit 214 may generate a neW analog gain of 5. The 
analog/digital gain separation circuit 214 may, at the same 
time as it increased the analog gain, reduce the digital gain 
Which Was previously set at 1.5, because keeping it at that 
level Would generate a system gain of 7.5, much higher than 
the 6.6 needed. The analog/digital gain separation circuit 
214 may ?nally reduce the digital gain to 1.3, resulting in a 
system gain of 6.5. On the other hand, the analog/digital gain 
separation circuit 214 may have generated a neW system 
gain of 6 instead of 5, in Which case it Would need to reduce 
the digital gain to 1.1 for a system gain of 6.6. The 
generation of analog and digital gains may be dependent on 
certain error margins Which may been speci?ed at the 
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beginning of operation or Which may be speci?ed after 
operation has started by Writing data to registers, memory 
elements, and/or look-up tables in the analog/digital gain 
separation circuit 214. 

FIG. 2B is a schematic block diagram of a mixed analog 
digital AGC circuit, in accordance With an embodiment of 
the present invention. Referring to FIG. 2B, the AGC circuit 
200 may further comprise at least one processor 230. Pro 
cessor 230 may be, for example, a core processor, a copro 
cessor, a microcontroller, a digital signal processor (DSP), or 
a hardWare resource With processing capabilities. Processor 
230 may be embedded on chip or may be external to the 
chip. Processor 230 may be used to transfer to or to receive 
from the analog/digital gain separation circuit 214 data, 
control signals, and/or instructions. Processor 230 may be 
used to update registers or memory elements in the analog/ 
digital gain separation circuit 214 that may modify its 
operation. Processor 230 may be used to update look-up 
tables in the analog/digital gain separation circuit 214. 
Processor 230 may be used to transfer or receive data, 
control signals, and/ or instructions from the clamping circuit 
204, the clamp reference signal circuit 206, the error mea 
surement circuit 208, the AGC reference level circuit 210, 
and the loop ?lter circuit 212. Processor 230 may be used to 
select the gain level in analog ampli?er 216 and to indicate 
the number of bits to use in ADC 218 ifit is programmable. 
Processor 230 may be used to generate neW clamp reference 
levels and to generate neW AGC reference levels. Processor 
230 may be used to select Which signal amplitude parameter 
to measure in AGC measurement circuit 226. 

FIGS. 3A-3B illustrate exemplary steps that may be 
utilized by a digital multiplier, in accordance With an 
embodiment of the invention. Referring to FIGS. 3A-3B, 
this illustrative example shoWs hoW ampli?cation by digital 
multiplier 222 affects video signals if the clamp reference 
level is not removed. In FIG. 3A, step 300 corresponds to the 
digital multiplier 222 receiving a video signal in Which the 
clamp reference level has not been removed. The Zero level 
in step 300 corresponds to digital 0, While the sync ampli 
tude level, the sync tip level, and the blank level correspond 
to digital 90, 150, and 240 respectively. In this illustrative 
example, the blank level is the clamp reference level pro 
vided by clamp reference level circuit 206. In FIG. 3B, step 
302 corresponds to the ampli?ed video signal after a digital 
gain of 2 has been applied by digital multiplier 222 in order 
to increase either the sync amplitude level or the sync tip 
level. In step 302, the sync amplitude level, the sync tip 
level, and the blank level correspond to digital 180, 300, and 
480 respectively. The blank level is noW double of What it 
Was in step 300, hoWever, video applications may require 
this parameter to be 240. AGC measurement circuit 226 may 
recogniZe this situation and require AGC circuit 200 to 
generate a neW system gain. The problem that may occur in 
this situation is that AGC circuit 200 may amplify either the 
sync amplitude level or the sync tip level, depending on 
Which parameter has been selected for AGC operation. Any 
reduction in system gain to offset gains in the blank level 
Would also reduce the signal amplitude parameters the AGC 
circuit 200 intended to amplify in the ?rst place. This 
condition may occur if the clamp reference level provided 
by clamp reference level circuit 206 corresponds to digital 0 
or if clamping circuit 204 omits to perform the removal of 
the clamp reference level before applying the digital gain. 

FIG. 4A-4D illustrate exemplary steps that may be uti 
liZed by a clamping circuit, in accordance With an embodi 
ment of this invention. Referring to FIGS. 4A-4B, this 
illustrative example shoWs the effect of clamp reference 
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8 
circuit 204 on the ampli?cation of video signals. In FIG. 4A, 
step 400 corresponds to an incoming video signal after being 
digitiZed. The Zero level corresponds to digital 0, While the 
sync amplitude level, the sync tip level, and the blank level 
correspond to digital 90, 150, and 240 respectively. FIG. 4B 
illustrates the effect of removing the clamp reference level. 
In this case, for example, the clamp reference level is the 
blank level of the video signal. Step 402 in FIG. 4B 
corresponds to the removal of the blank level by the ?rst 
digital adder 220, resulting in sync amplitude level, sync tip 
level, and blank levels of digital 90, —90, and 0 respectively. 
In FIG. 4C, step 404 corresponds to the ampli?cation of the 
clamped video signal digital multiplier 222 resulting in sync 
amplitude level, sync tip level, and blank level values of 
digital 180, —l80, and 0 respectively. Step 406 in FIG. 4D 
illustrates the effect of restoring the blank level to the video 
signal. The sync amplitude level, the sync tip level, and the 
blank level noW correspond to digital 180, 60, and 240 
respectively. The blank level is the speci?ed digital 240 
While the sync amplitude level, the parameter selected for 
ampli?cation in this illustrative example, has been multi 
plied by 2. Similar exemplary steps may be taken if ampli 
?cation of the sync tip level is preferred. 

Certain embodiments of the invention may be found in a 
system for a mixed analog-digital automatic gain control 
(AGC). Aspects of the system for signal gain control may 
comprise circuitry that reduces the analog gain of an analog 
ampli?er in an AGC circuit. Incoming analog signals are 
received by an analog front-end of the AGC circuit. The 
analog-front end may comprise the analog ampli?er and an 
analog-to-digital converter (ADC). The chip area required 
by the analog ampli?er may be reduced to reduce chip cost 
or to provide additional chip area for digital signal process 
ing circuits and for other chip components, for example, 
embedded memory, core processor units, and communica 
tion interfaces. Reducing the area may result in feWer gain 
levels at the analog ampli?er that may be applied to incom 
ing analog signals. A digital gain may be applied after the 
ADC to compensate for at least a portion of the reduction in 
the analog gain. Because of the smaller area required by 
digital circuits, the digital gain may be achieved Without 
adding signi?cant chip area or cost. 
When the ampli?ed analog signal is digitiZed, the digital 

signal may be clamped by using a clamp reference level. The 
clamp reference level is removed from the digital signal 
before applying the digital gain. The clamp reference level 
is restored to the digital signal after applying the digital gain 
and may be a DC bias or a reference signal level represen 
tative of a particular application. The clamped digital signal 
may be measured to obtain at least one parameter that is 
representative of the incoming analog signal amplitude. The 
parameter to be measured may be selected based on the 
operation and requirements of the AGC circuit and on the 
type of incoming analog signal and its application. The 
measured parameter may be compared to a user-de?ned 
AGC reference level. The measured incoming signal ampli 
tude parameter may be utiliZed to update the clamping 
reference level and to update the AGC reference level. An 
error signal may be generated from the comparison of the 
measured parameter and the AGC reference level. The error 
signal may be utiliZed by a loop ?lter circuit to determine the 
time response of the AGC circuit. The error signal may be 
averaged over time to generate an average error signal. The 
average error signal may be utiliZed to generate a system 
gain that may be utiliZed to amplify the incoming signal. 
The system gain may be generated from the average error 

signal through the use of a look-up table. The analog gain 
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may be generated from the system gain through the use of 
a look-up table. The analog gain may be generated based on 
the best or optimal use and operation of the analog ampli?er. 
The digital gain may be generated from the system gain and 
the analog gain through the use of a look-up table. 

Certain aspects of the system for a mixed analog-digital 
AGC may comprise an analog/digital gain separation circuit 
that generates the reduced analog gain that may be applied 
by the analog ampli?er in the AGC circuit. The analog/ 
digital gain separation circuit may generate the digital gain 
to be applied to the digitiZed signal to compensate for at least 
a portion of the reduction in the analog gain. 
When the ampli?ed analog signal is digitiZed by an ADC, 

the digital signal output may be clamped by a clamping 
circuit using a clamp reference level provided by a clamp 
reference level circuit. The clamp reference level is removed 
from the digital signal by the clamping circuit before apply 
ing the digital gain in a digital multiplier. The clamp 
reference level is restored to the digital signal by the 
clamping after applying the digital gain in the digital mul 
tiplier and may be a DC bias or a reference signal level 
representative of a particular application. The clamped digi 
tal signal may be measured by an AGC measurement circuit 
in an error measurement circuit to obtain at least one 

parameter that is representative of the incoming analog 
signal amplitude. The parameter to be measured may be 
selected by the error measurement circuit based on the 
operation and requirements of the AGC circuit and on the 
type of incoming analog signal and its application. The 
measured parameter may be compared by a digital adder to 
a user-de?ned AGC reference level provided by an AGC 
reference level circuit. The measured incoming signal 
amplitude parameter may be utiliZed by the error measure 
ment circuit to update the clamping reference level and to 
update the AGC reference level. An error signal may be 
generated by the error measurement circuit from the com 
parison of the measured parameter and the AGC reference 
level. The error signal may be utiliZed by a loop ?lter circuit 
to determine the time response of the AGC circuit. The error 
signal may be averaged over time by the loop ?lter circuit to 
generate an average error signal. The average error signal 
may be utiliZed by an analog/digital gain separation circuit 
to generate a system gain that may be utiliZed to amplify the 
incoming signal. 

The system gain may be generated by the analog/digital 
gain separation circuit from the average error signal through 
the use of a look-up table. The analog gain may be generated 
by the analog/ digital gain separation circuit from the system 
gain through the use of a look-up table. The analog gain may 
be generated based on the best or optimal use and operation 
of the analog ampli?er. The digital gain may be generated by 
the analog/digital gain separation circuit from the system 
gain and the analog gain through the use of a look-up table. 
At least one processor may be utiliZed to update registers 
and look-up tables in the analog/digital gain separation 
circuit. 

Accordingly, the present invention may be realiZed in 
hardWare, software, or a combination of hardWare and 
softWare. The present invention may be realiZed in a cen 
traliZed fashion in at least one computer system, or in a 
distributed fashion Where different elements are spread 
across several interconnected computer systems. Any kind 
of computer system or other apparatus adapted for carrying 
out the methods described herein is suited. A typical com 
bination of hardWare and softWare may be a general-purpose 
computer system With a computer program that, When being 
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10 
loaded and executed, controls the computer system such that 
it carries out the methods described herein. 
The present invention may also be embedded in a com 

puter program product, Which comprises all the features 
enabling the implementation of the methods described 
herein, and Which When loaded in a computer system is able 
to carry out these methods. Computer program in the present 
context means any expression, in any language, code or 
notation, of a set of instructions intended to cause a system 
having an information processing capability to perform a 
particular function either directly or after either or both of 
the folloWing: a) conversion to another language, code or 
notation; b) reproduction in a different material form. 

While the present invention has been described With 
reference to certain embodiments, it Will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted Without departing from the 
scope of the present invention. In addition, many modi?ca 
tions may be made to adapt a particular situation or material 
to the teachings of the present invention Without departing 
from its scope. Therefore, it is intended that the present 
invention not be limited to the particular embodiment dis 
closed, but that the present invention Will include all 
embodiments falling Within the scope of the appended 
claims. 
What is claimed is: 
1. A system for signal gain control, the system compris 

ing: 
an analog ampli?er; 
an Analog-to-Digital Converter, Wherein a signal input of 

said Analog-to-Didital Converter is operatively 
coupled to a signal output of said analog ampli?er; 

a clamping circuit, Wherein a signal input of said clamp 
ing circuit is operatively coupled to a signal output of 
said Analog-to-Digital Converter; 

a clamping reference level circuit, Wherein a signal output 
of said clamping reference level circuit is operatively 
coupled to a reference input of said clamping circuit; 

a gain separation circuit, Wherein a digital gain output of 
said gain separation circuit is operatively coupled to a 
gain input of said clamping circuit; 

an error measurement circuit, Wherein a signal input of 
said error measurement circuit is operatively coupled to 
a signal output of said clamping circuit; 

an Automatic Gain Control reference level circuit, 
Wherein a signal output of said Automatic Gain Control 
reference level circuit is operatively coupled to a ref 
erence input of said error measurement circuit; and 

a loop ?lter circuit, Wherein: 
a signal output of said error measurement circuit is 

operatively coupled to a signal input of said loop 
?lter circuit; 

a signal output of said loop ?lter circuit is operatively 
coupled to a signal input of said gain separation 
circuit; and 

an analog gain output of said gain separation circuit is 
operatively coupled to a gain input of said analog 
ampli?er. 

2. The system according to claim 1, Wherein said clamp 
ing circuit comprises: 

a ?rst digital adder circuit, Wherein: 
a ?rst input of said ?rst digital adder circuit is opera 

tively coupled to said signal input of said clamping 
circuit; and 

a second input of said ?rst digital adder circuit is 
operatively coupled to said reference input of said 
clamping circuit; 
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a digital multiplier circuit, wherein: 
an input of said digital multiplier circuit is operatively 

coupled to an output of said ?rst digital adder circuit; 
and 

a gain input of said digital multiplier circuit is opera 
tively coupled to said gain input of said clamping 
circuit; and 

a second digital adder circuit, Wherein: 
a ?rst input of said second digital adder circuit is 

operatively coupled to an output of said digital 
multiplier circuit; 

a second input of said second digital adder circuit is 
operatively coupled to said reference input of said 
clamping circuit; and 

an output of said second digital adder circuit is opera 
tively coupled to said output signal of said clamping 
circuit. 

3. The system according to claim 1, Wherein said error 
measurement circuit comprises: 

an Automatic Gain Control measurement circuit, Wherein 
an input to said Automatic Gain Control measurement 
circuit is operatively coupled to said signal input of said 
error measurement circuit; 

an output of said Automatic Gain Control measurement 
circuit is operatively coupled to a ?rst input of a third 
digital adder circuit; 

a second input of said third digital adder circuit is opera 
tively coupled to said reference input of said error 
measurement circuit; and 

an output of said third digital adder circuit is operatively 
coupled to said signal output of said error measurement 
circuit. 

4. A system for signal gain control, the system compris 
ing: 

an analog ampli?er; 
an Analog-to-Digital Converter operatively coupled to 

said analog ampli?er; 
a clamping circuit operatively coupled to said Analog-to 

Digital Converter; 
a clamping reference level circuit operatively coupled to 

said clamping circuit; 
a gain separation circuit operatively coupled to said 

clamping circuit and said analog ampli?er; 
an error measurement circuit operatively coupled to said 

clamping circuit; 
an Automatic Gain Control reference level circuit opera 

tively coupled to said error measurement circuit; and 
a loop ?lter circuit operatively coupled to said error 
measurement circuit and said gain separation circuit. 

5. The system according to claim 4, Wherein said clamp 
ing circuit comprises a ?rst digital adder circuit operatively 
coupled to a digital multiplier circuit and said digital mul 
tiplier circuit operatively coupled to a second digital adder 
circuit. 

6. The system according to claim 4, Wherein said error 
measurement circuit comprises an Automatic Gain Con 
verter measurement circuit operatively coupled to a third 
digital adder. 
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7. A system for signal gain control, the system compris 

ing: 
a processor; 

an analog ampli?er; 
an Analog-to-Digital Converter operatively coupled to 

said analog ampli?er; 
a clamping circuit operatively coupled to said Analog-to 

Digital Converter; 
a clamping reference level circuit operatively coupled to 

said clamping circuit and to said processor; 
a gain separation circuit operatively coupled to said 

clamping circuit and said analog ampli?er; 
an error measurement circuit operatively coupled to said 

clamping circuit; 
an Automatic Gain Control reference level circuit opera 

tively coupled to said error measurement circuit; and 
a loop ?lter circuit operatively coupled to said error 

measurement circuit and said gain separation circuit. 
8. The system according to claim 7, Wherein said clamp 

ing circuit comprises a ?rst digital adder circuit operatively 
coupled to a digital multiplier circuit and said digital mul 
tiplier circuit operatively coupled to a second digital adder 
circuit. 

9. The system according to claim 8, Wherein said clamp 
reference level circuit is operatively coupled to said ?rst 
digital adder, said digital multiplier circuit, and said second 
digital adder. 

10. The method according to claim 8, Wherein said gain 
separation circuit is operatively coupled to said digital 
multiplier circuit. 

11. The system according to claim 7, Wherein said error 
measurement circuit comprises an Automatic Gain Control 
measurement circuit operatively coupled to a third digital 
adder. 

12. The system according to claim 11, Wherein said 
Automatic Gain Control reference level circuit is operatively 
coupled to said third digital adder. 

13. The system according to claim 11, Wherein said loop 
?lter circuit is operatively coupled to said third digital adder. 

14. The system according to claim 7, Wherein said Ana 
log-to-Digit Converter is operatively coupled to said pro 
cessor. 

15. The system according to claim 7, Wherein said clamp 
ing circuit is operatively coupled to said processor. 

16. The system according to claim 7, Wherein said gain 
separation circuit is operatively coupled to said processor. 

17. The system according to claim 7, Wherein said error 
measurement circuit is operatively coupled to said proces 
sor. 

18. The system according to claim 7, Wherein said Auto 
matic Gain Control reference level circuit is operatively 
coupled to said processor. 

19. The system according to claim 7, Wherein said loop 
?lter circuit is operatively coupled to said processor. 

20. The system according to claim 7, Wherein said analog 
ampli?er is operatively coupled to said processor. 


